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PREFACE 

This  report  is  one  of  a  number  of  reports  on  studies  of  the  con¬ 
struction  and  behavior,  from  the  standpoint  of  foundations  and  soil 
mechanics,  of  earth  dams  completed  by  the  Corps  of  Engineers  since  1950. 
These  studies  are  conducted  by  the  Waterways  Experiment  Station  as  part 
of  the  Civil  Works  Investigations  program  of  the  Office,  Chief  of  Engi¬ 
neers,  CWI  Item  505,  "Prototype  Analyses  (Soils)."  The  purpose  of  these 
studies  is  to  compare  the  performance  of  the  completed  structure  with  de¬ 
sign  predictions,  and  from  these  comparisons  gain  information  that  will 
be  valuable  in  the  design  and  construction  of  future  projects  for  the 
Corps  of  Engineers. 

This  report  is  a  review  of  the  design  features  of  Buggs  Island  and 
Island  Creek  embankments  for  the  John  H.  Kerr  project,  and  includes  cer¬ 
tain  observations  made  during  and  after  construction  relating  to  soil 
mechanics  and  foundation  design.  The  dams  were  designed  by  and  built 
under  the  supervision  of  the  U.  S.  Army  Engineer  District,  Norfolk,  Va., 
and  data  on  the  design  and  construction  and  prototype  observations  were 
furnished  by  that  district.  No  evaluation  or  analysis  of  data  has  been 
made  by  the  Waterways  Experiment  Station.  Design  details  not  included 
may  be  found  in:  Definite  Project  Report  on  Buggs  Island  Reservoir, 
dated  February  1956,  Analysis  of  Design,  Island  Creek  Dam,  dated  June 
1950>  Plans  for  Island  Creek  Dam,  dated  July  3.950,  and  Plans  for  Buggs 
Island  Dam,  dated  September  1950. 

This  report  was  prepared  by  Messrs.  R.  W.  Cunny  and  A.  G.  Altschaeffl 
(formerly  of  Waterways  Experiment  Station)  under  the  direction  of  Messrs. 

W.  J.  Turnbull,  W.  G.  Shockley,  and  C.  I.  Mansur  (formerly  of  Waterways 
Experiment  Station),  Soils  Division,  Waterways  Experiment  Station.  The 
report  was  reviewed  prior  to  publication  by  personnel  of  the  Norfolk  Dis¬ 
trict  and  North  Atlantic  Division,  and  was  reviewed  and  approved  by  the 
Office,  Chief  of  Engineers. 
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SUMMARY 


The  Project 


The  John  H.  Kerr  project  consists  of  a  retaining  structure,  Buggs 
Island  Dam,  and  a  backwater  protection  structure,  Island  Creek  Dam. 

Bi  gs  Island  Dam  is  a  concrete  gravity  control  structure  2800  ft  long 
flanked  by  19,700  ft  of  rolled-fill  wing  and  saddle  dikes  having  heights 
up  to  45  ft  and  containing  1,200,000  cu  yd  of  earth.  The  spillway  has  a 
capacity  of  770,000  cfs.  Island  Creek  Dam  is  a  rolled-fill  embankment 
2100  ft  long,  90  ft  high,  containing  566,000  cu  yd  of  earth.  Drainage 
from  the  protected  area  is  pumped  into  the  reservoir  through  a  12-ft- 
diam,  reinforced  concrete  conduit. 


Foundations 


The  rolled-fill  portions  of  Buggs  Island  Dam  are  founded  on  resid¬ 
ual  soils  grading  from  clay  at  the  surface  to  sand  and  silt  over  fractured 
rock  at  relatively  shallow  depths.  Design  shear  strengths  were  c  =  0.29 
ton  per  sq  ft,  0  =  30°  for  the  upper  zone,  and  c  =  0.24  ton  per  sq  ft, 

0  =  32°  for  the  lower  zone  of  foundation  soils.  Coefficients  of  permea¬ 
bility  used  in  seepage  analyses  ranged  from  35  x  lO"^  cm  per  sec  for  the 
sand  and  silt  zone  to  350  x  10-i*  cm  per  sec  for  the  fractured  rock.  The 
upper  clay  zone  was  assumed  to  become  remolded  during  construction  and 
thus  be  equivalent  to  rolled  fill  having  a  k  =  0.0024  x  10-/+  era  per  sec. 
Seepage  is  controlled  by  a  deep  downstream  toe  drain  and  an  upstream 
impervious  blanket. 

Island  Creek  Dam  is  founded  on  residual  soils  underlain  by  weathered 
and  sound  rock.  Design  shear  strengths  for  the  foundation  soils  were 
c  =  O.05  ton  per  sq  ft,  0  =  27°.  Laboratory  tests  indicated  that  the  co¬ 
efficient  of  permeability  for  the  foundation  soil  would  be  less  than 
1.00  x  10_i+  cm  per  sec.  Where  foundation  soils  were  less  than  15  ft 
thick,  a  grout  curtain  was  placed  to  prevent  passage  of  excessive  seepage 
through  the  fractured  rock;  otherwise,  the  overburden  was  considered 
capable  of  preventing  significant  seepage  into  the  weathered  rock. 


Embankments 

The  dikes  for  Buggs  Island  Dam  are  unzoned  embankments  consisting 
of  a  relatively  impervious  mixture  of  sand,  silt,  and  clay.  Stability  of 
the  embankments  was  determined  by  means  of  the  circular  arc  method.  Mini¬ 
mum  factors  of  safety  of  1.01  and  1.74  were  obtained  for  rapid  drawdown 
and  operating  conditions,  respectively.  Approximately  93  Per  cent  of  the 
field  control  tests  indicated  that  the  moisture  content  of  the  compacted 
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embankment  was  within  the  specified  2  per  cent  dry  to  4  per  cent  wet  of 
standard  optimum  water  content.  Field  requirements  of  a  minimum  density 
of  95  per  cent  of  standard  density  were  generally  met  with  the  specified 
6  passes  of  a  5C0-psi  tamping  roller.  Consolidated-drained  direct  shear 
tests  on  9  record  samples  indicated  average  values  of  c  =  0.29  ton  per 
sq  ft,  0  =  2 8°,  as  compared  with  design  values  of  c  =  0.10  ton  per  sq  ft, 

0  =  27°.  The  upstream  slope  is  protected  by  2  ft  of  dumped  riprap  over 
a  1-ft  crushed  stone  blanket;  the  downstream  slope  is  planted  in  grass. 
Seepage  is  collected  by  a  downstream  toe  drain  located  generally  in  areas 
where  the  flood  control  pool  contacts  the  dikes .  Observations  of  one 
drain  section  (2500  ft)  indicate  a  flow  of  30  gpm  with  the  dike  under  a 
head  of  15  to  20  ft;  this  head  is  20  to  25  ft  less  than  the  maximum  head 
expected  against  the  dike  section.  All  other  toe  drains  have  been  dry. 

The  design  for  the  Island  Creek  Dam  embankment  provided  for  a 
central  impervious  core  flanked  by  relatively  pervious  shells.  The 
circular  arc  method  indicated  minimum  factors  of  safety  of  1.45  and  1.35 
for  the  construction  and  operating  conditions,  respectively.  Stability 
for  the  rapid  drawdown  condition  was  not  analyzed.  The  core  was  con¬ 
structed  of  relatively  impervious  materials  found  in  the  borrow  areas. 
Results  of  a  limited  number  of  permeability  tests  on  record  samples  of 
shell  and  core  materials  indicate  that  the  permeabilities  in  the  two  sec¬ 
tions  are  not  significantly  different.  At  least  95  Fer  cent  of  the  field 
density  tests  indicated  satisfactory  densities  of  the  embankment,  but 
only  76  per  cent  indicated  satisfactory  moisture  control.  Consolidated- 
drained  direct  shear  tests  on  5  record  samples  indicated  average  values 
of  c  =  0.31  ton  pec  sq  ft,  0  =  28°,  compared  with  design  values  of  c  =  0.05 
ton  per  sq  ft,  0  =■  27°*  The  lower  landside  slope  is  protected  by  20  in. 
of  crushed  stone;  the  upper  57  ft  of  slope  was  mulched  and  seeded.  The 
reservoir  slope  is  protected  by  l8  in.  of  dumped  riprap  on  a  6-in.  crushed 
stone  filter  from  the  top  of  the  dam  to  3  ft  below  the  minimum  power  pool. 
No  provisions  other  than  the  impervious  core  were  made  for  seepage  control. 


Spillway  and  Outlet  Works 


Spillways  and  outlet  work  structures  are  founded  on  sound  rock. 
No  engineering  measurement  devices  were  provided  for  these  structures. 
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REVIEW  OF  SOUS  DESIGN,  CONSTRUCTION,  AND  PERFORMANCE  OBSERVATIONS 

JOHN  H.  KERR  PROJECT 

(EUGGS  ISLAND  AND  ISLAND  CREEK  DAMS)  VIRGINIA 
PART  I:  GENERAL  INFORMATION 

1.  The  John  H.  Kerr  project,  a  multipurpose  development  within  the 
general  plan  for  the  Roanoke  River  Easin,  is  located  in  Mecklenburg 
County,  approximately  20  miles  downstream  from  Clarksville,  Virginia. 
Location  of  the  project  is  shown  on  the  vicinity  map  in  fig.  1.  The  proj¬ 
ect  consists  of  Buggs  Island  Dam,  the  major  retaining  structure,  located 
on  the  Roanoke  River,  and  Island  Creek  Dam  about  18  miles  upstream  on 
Island  Creek,  a  tributary  of  the  Roanoke  River.  Island  Creek  Dam  provides 
backwater  protection  for  tungsten  mining  operations  in  the  area  upstream. 

Buggs  Island  Dam 


2.  Buggs  Island  Dam  consists  of  a  2800 -ft -long  central  concrete 
gravity  section  containing  the  spillway,  flanked  on  each  side  by  a  series 
of  earth  wing  and  saddle  dikes  totaling  19,700  ft  in  length.  The  maximum 
height  of  the  dikes  is  45  ft  with  crown  at  el  332.*  The  crown  widths  of 
the  dikes  are  40  ft  for  those  sections  topped  by  a  roadway  and  15  ft  for 
the  other  sections.  The  dikes  generally  have  side  slopes  of  1  on  2.5  and 
1  on  2,  except  for  the  smaller  dikes  which  have  slopes  of  1  on  1.5.  Up¬ 
stream  slopes  of  the  dikes  are  protected  by  24  in.  of  dumped  riprap  on  a 
12-in.  crushed  stone  blanket.  Downstream  slopes  are  planted  in  grass. 
Earth  placed  in  the  dikes  totaled  1,2C0,CC0  cu  yd.  A  plan  of  the  dikes 
is  shown  in  fig.  1. 

3.  The  spillway  is  11 50  ft  long  and  has  a  gate-controlled  overflow 
section  of  the  ogee  type  equipped  with  22  individually  operated  tainter 
gates.  The  elevation  of  the  spillway  crest  is  288  ft,  and  its  design 
capacity  is  770, 0C0  cfs  at  maximum  surcharge  water-surface  elevation. 


*  All  elevations  are  in  feet  above  mean  sea  level. 
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Ten  sluices,  controlled  by  slide  gates,  provide  control  of  the  reservoir 
pool  when  the  stage  is  below  spillway  crest  and  furnish  flow  to  the 
powerhouse.  The  power  installation  has  a  generating  capacity  of  206, COO 
kw.  Pertinent  data  concerning  the  dam  and  reservoir  are  listed  in  table  1. 

4.  Construction  of  the  rolled  fill  was  begun  on  16  January  1951* 

The  left  wing  dike  was  completed  12  July  1951*  the  right  wing  dikes  were 
completed  1  April  1952,  and  the  earth  construction  including  saddle  dikes 
was  accepted  on  1  July  1952.  Fig.  2.  is  an  aerial  photograph  of  the  con¬ 
crete  gravity  section  and  wing  dikes. 


Fig.  2.  Aerial  view  of  Buggs  Island  Dam  with  the  concrete  gravity 
section  in  the  center  flanked  by  earth  wing  dikes 


Island  Creek  Dam 


5.  Island  Creek  Dam  is  a  2100- ft -long,  rolled  fill  section,  90  ft 
high  with  crown  at  el  332.  The  crown  is  32  ft  wide  and  supports  a  road¬ 
way.  The  embankment  has  side  slopes  of  1  on  2  at  the  top,  1  on  2.5  near 
raid-height,  and  1  on  3  for  the  lower  portions.  The  lower  upstream  or 
landside  (island  Creek)  slopes  are  protected  by  20  in.  of  crushed  stone; 
the  upper  57  ft  is  mulched  and  seeded.  The  slope  on  the  reservoir  or 
downstream  side  is  protected  by  18  in.  of  dumped  riprap  on  a  6-in. -thick 
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stone  blanket  between  el  265  and  top  of  dam. 

6.  Water  from  Island  Creek  is  pumped  into  the  reservoir  through 
a  reinforced  concrete  conduit  12  ft  in  diameter  and  353  ft  long  located 
in  the  west  end  of  the  embankment.  Hydraulically  operated  gates  in  the 
powerhouse,  coupled  to  the  pumps,  control  discharge  and  prevent  back 
flow  of  water  from  the  reservoir.  An  emergency  gate  on  the  reservoir 
side  of  the  conduit  is  used  during  repair  work  and  is  operated  by  a 
mobile  crane.  The  maximum  differential  head  anticipated  is  45  ft.  Perti 
nent  features  of  the  dam  are  given  in  table  1. 

7*  Construction  was  begun  in  September  1950  and  was  completed  in 
September  1951-  Fig*  3  shows  the  partially  completed  embankment. 


Fig.  3*  Island  Creek  Dam  from  the  downstream  (reservoir)  side.  The  48- 
in.  pipe,  shown  in  the  upper  center,  was  used  to  discharge  water 
through  the  cofferdam  and  conduit  after  closure  of  the  dam  during  final 

stages  of  construction 
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Table  1 


Dam  and  Reservoir  Data 

Drainage  area 

7,800  sq  mi 

Design  flood: 

Maximum  inflow 

320,000  cfs 

Maximum  controlled  outflow 

60,000  cfs 

Maximum  surcharge  pool  el 

325  ft 

Maximum  flood  control  pool  el 

320  ft 

Maximum  power  pool  el 

300  ft 

Minimum  power  pool  el 

268  ft 

Buggs  Island  Dam: 

Top  of  dam,  el 

332  ft 

length 

Concrete  gravity  section 

1,800  ft 

Earth  wing  and  saddle  dikes 

19,700  ft 

Maximum  height 

Concrete  gravity  section 

144  ft 

Earth  wing  and  saddle  dikes 

45  ft 

Volume 

Concrete  gravity  section 

700,000  cu  yd 

Earth  wing  and  saddle  dikes 

1,200,000  cu  yd 

Spillway 

Length 

1,150  ft 

Crest  el 

288  ft 

Crest  gate  el 

320  ft 

Crest  gate  dimensions 

42  ft  x  32  ft 

Sluices 

Number 

10 

Dimensions 

5  ft  8  in.  x  10  ft 

Island  Creek  Dam: 

Top  of  dam,  el 

332  ft 

Length 

2,100  ft 

Maximum  height 

90  ft 

Volume  earth  embankment 

566,000  cu  yd 

Conduit 

Diameter 

12  ft 

Inlet  el 

259.5  ft 

/ 
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A  diversion  channel  east  of  the  creek  channel  carried  water  until  the 
spring  of  1951  when  the  concrete  conduit  was  completed.  A  18-in. -diam 
steel  pipe  was  used  to  pass  water  into  the  conduit  and  through  the  em¬ 
bankment  when  the  diversion  channel  was  closed.  Embankment  fill  was 
placed  the  full  length  of  the  dam  in  the  spring  of  1951*  A  total  of 
566,000  cu  yd  of  compacted  fill  was  placed.  The  riprap  was  placed  under 
a  separate  contract.  Heavy  rains  during  the  summer  of  1951  eroded  a 
portion  of  the  protective  stone  layer  and  necessitated  repeated  repairs. 
Approximately  37  >  500  sq  yd  of  riprap  and  12,  500  sq  yd  of  stone  blanket 
were  placed. 


PART  II :  BUGGS  ISLAND  DAM 
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Design 
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Foundation 

8.  Geology.  The  John  H.  Kerr  reservoir  is  within  the  Piedmont 
physiographic  area  consisting  mainly  of  igneous  and  metamorphic  rock 
underlying  a  residual  mantle  of  moderately  thick  to  thick  overburden. 
Rounded  hills  and  moderately  wide  valleys  characterize  the  terrain; 
schists  appear  to  form  resistant  ridges.  Rock  strata  dip  steeply  west¬ 
ward  and  strike  slightly  east  of  north.  Long  ridges  of  residual  soil 
and  decomposed  rock  extend  southeastward  and  westward  from  the  dam  site. 
Wing  and  saddle  dikes  are  founded  on  these  ridges. 

9.  Field  explorations.  The  foundation  exploration  included  103 

core  borings,  78  auger  borings,  and  20  test  pits.  Locations  of  selected 
preliminary  borings  are  shown  in  fig.  1.  The  foundation  soils  grade  from 
clay  at  the  surface,  to  sand  and  silt  at  depths  greater  than  5  ft,  to 
weathered  and  sound  rock  at  depths  in  the  range  of  30  ft.  Generalized 
profiles  along  the  dikes  are  shown  in  figs .  4,  6,  and  7 ;  locations  of 

all  borings  along  the  line  of  the  profiles  are  shown  in  these  figures. 

10.  A  special  investigation  was  initiated  to  determine  the  in- 
place  permeability  of  the  foundation  soils  by  a  "falling-head"  test  in  a 
cased  auger  hole.  However,  the  method  was  not  successful  with  the 
residual  soils  present  at  the  site.  Ground-water  observations  revealed 
that  the  seasonal  water-table  fluctuations  were  minor.  Even  though  the 
water  table  was  within  5  ft  of  the  surface  in  many  instances,  no  con¬ 
struction  difficulties  were  anticipated.  Piezometers  were  installed  at 
14  locations  shown  in  fig.  1  to  measure  the  hydrostatic  head  in  the 
foundation  and  to  check  the  efficacy  of  the  drainage  system. 

11.  Laboratory  tests.  The  laboratory  testing  program  for  founda¬ 
tion  soils  included  classification,  Bhear  strength,  permeability,  and 
consolidation  tests.  The  results  of  the  tests  for  which  individual  test 
data  are  available  are  presented  in  table  2.  The  gradations  of  the 


ItR  MMV  Uli 


STATIONING  ALONG  CENTER  LINE  Of  DIKE 

PROFILE  ALONG  UPSTREAM  TOC  OF  DIKE 


• 

5s 

* 

* 

«a 

«  » 

NOTE  LOCATIONS  OK  BORINGS  ARE  REFERENCED  TO  CENTER  LINE  OF  OIKE 
SELECTED  BORINGS  ARE  SHOWN  IN  PLAN  ON  FIG  I 


STATIONING  ALONG  CENTER  LINE  Of  OIKE 

PROFILE  ALONG  DOWNSTREAM  TOE  OF  DIKE 


I 


Preceding  page  blank 


ITATIONIM  ALOHA  CtATEA  LINE  OF  OIKE 

PROFILE  ALONG  OOWNSTREAM  TOE  OF  OIKE 


Fig.  5.  Generalized  soil  profiles,  Buggs 
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samples  tested  fall  within  the  gradation  bands  for  foundation  soils  shown 
in  fig.  8.  It  may  be  noted  that  the  top  stratum  which  is  nominally  re¬ 
ferred  to  as  sandy  clay  contains  10-40  per  cent  clay  sizes  (<0.002  mm); 
the  lower  sand  and  silt  stratum  contains  less  than  10  per  cent  clay  sizes. 


US  STANDARD  SIEVE  SIZE 


U  S  STANDARD  SIEVE  SIZE 
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12.  Nineteen  consolidated-drained  direct  shear  tests  were  performed 
on  representative  saturated  samples  of  undisturbed  foundation  soils.  All 
laboratory  specimens  were  sheared  at  a  rate  of  0.001  in.  per  min.  Repre¬ 
sentative  shear  strength  curves  are  shown  in  fig.  9>  as  are  appropriate 


Fig.  9*  Consolidated-drained  direct  shear  strength  curves  and  design 
shear  strength  curves  for  undisturbed  foundation  soils,  Buggs  Island  Dam 


19 


design  curves.  A  design  shear  strength  of  cohesion  (c)  =  0.29  ton  per  sq 
ft,  angle  of  internal  friction  (0)  =  30°>  was  used  for  the  upper  clayey 
foundation  soils,  while  a  strength  of  c  =  0.24  ton  per  sq  ft,  j  =  32°, 
was  used  for  the  lower  sand  and  silts;  the  design  shear  strengths  were 
the  average  results  obtained  from  the  shear  tests.  Shear  tests  were  not 
performed  on  samples  from  the  weathered  rock  zone. 

13.  Forty-one  permeability  tests  were  performed  on  undisturbed 
samples  of  the  foundation  materials.  Generally  the  coefficient  of  permea¬ 
bility  in  tht  vertical  direction  was  determined  although  a  few  horizontal 
permeability  tests  were  also  performed.  The  coefficients  of  permeability 
in  the  horizontal  direction  were  generally  less  than  1.7  times  the  permea¬ 
bility  in  the  vertical  direction  and  for  design  purposes  it  was  assumed 

that  they  were  equal.  Coefficients  of  permeability  (k)  varied  from 
-4  -4 

2  x  10  cm  per  sec  to  130  x  10  cm  per  sec  with  average  values  of 
-I4.  .4 

17  x  10  cm  per  sec  and  36  x  10  cm  per  sec  being  selected  for  the 
upper  and  lower  foundation  soil  strata,  respectively.  The  zone  of  weath- 

-k 

ered  rock  was  estimated  to  have  a  coefficient  of  permeability  of  350  x  10 
cm  per  sec;  this  estimate  was  based  on  data  obtained  from  a  "falling-head" 
test  in  a  cased  hole,  and  from  pressure  tests  performed  in  the  weathered 
zones  of  drill  hole.: . 

14.  Standard  laboratory  consolidation  tests  were  performed  on  16 
undisturbed  foundation  soil  specimens.  Plots  of  void  ratio  vs  pressure 
(e  vs  log  p)  and  consolidation  vs  time  were  made.  Typical  e  vs  log  p 
curves  are  shown  in  fig.  10. 


15*  Settlement  and  seepage 
analyses.  Since  the  dikes  gener¬ 
ally  are  low,  little  settlement 
in  the  foundation  was  expected. 

It  was  stated  in  the  analysis  of 
design  that  settlement  of  the 
dikes  due  to  application  of  em¬ 
bankment  load  would  be  relatively 
small,  but  as  a  result  of  dis¬ 
turbances  in  the  foundation 


Fig.  10.  Typical  void  ratio-pressure 
curves  for  undisturbed  foundation 
soils,  Buggs  Island  Dam 
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created  by  equipment  used  during  construction  operations  some  deformation 
could  be  expected  to  occur.  It  was  further  stated  that  it  was  not  possible 
to  determine  in  advance  exactly  how  much  the  dike  foundation  would  be  dis¬ 
turbed  by  construction  operations,  but  based  on  considerations  of  estimated 
depth  of  disturbance  of  foundation  materials  and  on  computed  consolidation 
of  deeper  foundation  zones,  it  was  estimated  that  the  total  settlement 
would  be  6-12  in.  for  most  of  the  dikes,  and  that  the  deformation  would 
be  essentially  complete  at  the  end  of  construction.  Methods  used  for  es¬ 
timating  the  amount  and  time  rate  of  settlement  are  not  known. 

16.  The  analysis  of  the  stability  of  the  foundation  is  included  in 
that  made  for  the  embankment  and  will  be  discussed  in  detail  in  the  sec¬ 
tion  on  "Stability,  settlement,  and  seepage  analyses"  under  "Embankment." 

17.  Since  the  coefficient  of  permeability  of  the  substratum  of 

-4 

underlying  weathered  rock  was  estimated  to  be  350  x  10  cm  per  sec, 
underseepage  was  considered  a  potential  problem.  A  flow  net  was  drawn 
to  estimate  the  quantity  of  seepage  that  would  pass  through  the  founda¬ 
tion  and  an  analysis  vas  made  assuming  the  embankment  to  be  impervious, 
the  permeability  of  a  17-ft-thick  topstratum  of  sand  and  silt  to  be 
35*6  x  10-1+  cm  per  sec,  and  the  permeability  of  a  36-ft-thick  stratum  of 

-4 

weathered  rock  to  be  350  x  10  cm  per  sec.  Eased  on  the  flow  net  analysis 
for  the  maximum  dike  section  with  the  reservoir  pool  at  el  320,  underseep¬ 
age  was  estimated  to  be  about  33*000  gpm.  As  the  average  dike  section  is 
considerably  smaller  than  the  maximum  section  analyzed,  it  was  recognized 
that  the  total  quantity  of  seepage  would  be  less  than  33*000  gpm,  but 
nevertheless  it  was  considered  that  an  upstream  impervious  blanket  would 
be  desirable  to  reduce  the  underseepage. 

18.  Upstream  impervious  blanket.  The  upstream  blanket  was  to  be 
constructed  by  scarifying  and  recompacting  the  natural  top  stratum  to  a 
depth  of  approximately  12  in.  in  certain  reaches  below  maximum  power  pool 
el  300  and  those  reaches  above  maximum  power  pool  elevation  that  may  be 
inundated  by  flood  stages  of  relatively  frequent  occurrence;  recompacted 
areas  were  to  be  topped  with  6  in.  of  topsoil.  The  criterion  for  deter¬ 
mining  the  length  of  reaches  to  be  scarified  and  compacted  for  the  up¬ 
stream  blanket  was  that  the  average  hydraulic  gradient  should  not  be 
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greater  than  0.1  between  the  upstream  edge  of  the  blanket  and  the  down¬ 
stream  toe  of  the  dike  with  the  reservoir  pool  at  el  320.  Locations  of 
the  reaches  so  treated  are  shown  on  the  profile  along  the  upstream  toe  of 
the  dike  in  figs.  4-6.  A  flow  net  and  an  estimate  of  underseepage  con¬ 
sidering  the  effect  of  the  upstream  blanket  were  not  prepared. 

19. ’  Downstream  toe  drain.  A  downstream  toe  drain  was  also  provided 
to  penetrate  the  upper  foundation  clay  stratum  and  contact  the  more  per¬ 
vious  substrata  of  silt  and  sands.  However,  a  substantial  portion  of  the 
underseepage  was  expected  to  pass  under  the  toe  drain  and  seep  out  farther 
downstream  from  the  dike. 

Embankment 

20.  Borrow  materials .  Materials  for  the  embankment  were  to  be  ob¬ 
tained  from  borrow  areas  located  downstream  from  the  embankments  and  from 
the  required  excavation  for  the  toe  drain.  Four  borrow  areas  investigated 
in  the  design  study.  A,  B,  C,  and  D>  located  on  hills  to  the  left  and 
right  of  the  reservoir  area,  are  shown  in  plan  in  fig.  1;  locations  of  22 
of  88  auger  borings,  made  during  exploration  of  the  borrow  areas,  are  also 
shown.  The  materials  from  both  excavation  and  borrow  areas  were  found  to 
be  similar;  thus  the  material  from  the  excavation  for  the  toe  drain  was 
also  used  in  the  embankment.  The  materials  from  the  borrow  areas  and  toe 
drain  excavation  graded  from  residual  sandy  and  silty  clay  near  the  sur¬ 
face  to  residual  sand  and  silt  to  depths  of  about  10-30  ft;  the  strata 

of  sandy  and  silty  clay,  and  sand  and  silt  are  not  distinct  but  grade 
gradually  from  one  to  the  other.  Therefore,  these  materials  were  to  be 
placed  in  an  unzoned  embankment  section,  and  placement  was  to  be  controlled 
to  produce  a  uniform,  well-knit  embankment  of  low  permeability  and  rela¬ 
tively  high  stability.  The  expected  types  and  volume  of  embankment  ma¬ 
terials  as  well  as  the  sources  are  given  in  table  3* 

Table  3 

Sources  and  Quantities  of  Embankment  Materials,  Buggs  Island  Dam 


rr 

Quantity,  cu  yd 

Source 

Earth  fill 

Filter  gravel  and 

970,000 

Dike  toe -drain  excavation  and 
borrow  areas 

riprap  bedding 

65,000 

Concrete  aggregate  plant 

Dumped  riprap 

110,000 

Rock  excavation  for  masonry  dam 

22 


21.  Laboratory  tests.  Laboratory  tests  on  borrow  material  were 
performed  for  purposes  of  classification  and  determination  of  remolded 
properties.  A  summary  of  test  results  is  presented  in  table  2.  The 
range  of  gradation  of  the  borrow  soils  is  shown  in  fig.  11.  The  finer 
grained  soils  are  the  top  stratum  clays  and  the  coarser  soils  are  the 
underlying  sand  and  silt. 


Fig.  11.  Gradation  of  borrow  mate¬ 
rials  and  typical  embankment  record 
sample  gradation,  Buggs  Island  Dam 


23-  Results  of  permeability 
tests  on  compacted  borrow  material 
were  not  available  for  this  review. 
However,  25  permeability  tests  were 
performed  on  remolded  samples  of 
foundation  materials  which  were 
similar  to  the  materials  to  be  used 
for  the  embankment.  Coefficients 
of  permeability  normal  to  the  di¬ 
rection  of  the  compaction  planes 

_4 

ranged  from  3«&  x  10  cm  per  sec 

-4 

to  0.G001  x  10  cm  per  sec;  the 
coefficient  of  permeability  paral¬ 
lel  to  the  direction  of  the 


22.  The  standard  effort  com¬ 
paction  test  was  used  in  the  deter¬ 
mination  of  laboratory  compaction 
characteristics.  Typical  laboratory 
compaction  curves  for  the  borrow  ma¬ 
terials  are  shown  in  fig.  12.  The 
standard  density  ranged  from  99-5- 
112  lb  per  cu  ft  and  the  optimum 
water  content  ranged  from  21-14 
per  cent. 
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Fig.  12.  Typical  laboratory  standard 
effort  compaction  curves  for  borrow 
materials  and  record  samples,  Buggs 
Island  Dam 
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compaction  planes  was  not  determined.  An  average  permeability  of 
0.0024  x  10'^  cm  per  sec,  in  both  the  horizontal  and  vertical  directions, 
was  used  in  seepage  analyses  for  the  embankment. 


24.  Two  consolidated- 
drained  direct  shear  tests  were 
performed  on  saturated  compos ito 
samples  of  materials  from  each 
borrow  area  with  the  samples  com¬ 
pacted  to  98  per  cent  of  modified 
AASHO  density  and  at  water  con¬ 
tents  3  Fer  cent  dry  of  optimum; 
these  test  data  are  shown  in 
table  2.  Twenty-six  other 
consolidated-drained  direct  shear 
tests  were  performed  on  remolded 
samples  of  borrow  area  and  founda¬ 
tion  soils;  results  of  these  tests 
were  also  considered  in  selecting 
the  design  shear  strength  for  the 
embankment.  The  strength  curves 
for  the  compacted  borrow  material 
and  the  average  remolded  strength 
curves  for  the  foundation  soils, 
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Fig.  13.  Consolidated-drained  direct 
shear  strength  curves  for  compacted 
composite  samples  from  borrow  areas  A 
and  B,  average  remolded  foundation 
soils  and  design  shear  strength  curve 
for  embankment,  Buggs  Island  Dam 


as  well  as  the  design  shear  strength  curve  for  the  embankment,  c  =  0.10 
ton  per  sq  ft,  0  =  27°,  are  shown  in  fig.  13. 


25*  Stability,  settlement,  and  seepage  analyses.  Stability  anal¬ 
yses  for  embankments  and  foundations  of  the  dikes  were  made  using  the  cir¬ 


cular  arc  method  and  shear  strengths  determined  by  the  consolidated-drained 


direct  shear  test.  Analyses  were  made  for  maximum  dike  sections  on  both 


left  and  right  banks  of  the  river.  Stability  arcs  for  these  sections  are 
shown  in  fig.  14.  Upstream  slopes  were  analyzed  for  a  condition  of  rapid 


drawdown  from  a  flood  control  pool  at  el  320.  Downstream  slopes  were 


analyzed  for  the  condition  of  complete  saturation.  Computed  minimum 
factors  of  safety  are  shown  in  fig.  14.  A  minimum  factor  of  safety  of 


1 
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1.01  was  obtained  for  the  upstream  slope  of  the  right  dike  for  the  rapid 
drawdown  condition.  Because  the  assumption  of  rapid  drawdown  is  conserva¬ 
tive,  and  since  the  maximum  section  applies  only  to  a  limited  length  of 
dike  (approximately  45  ft  on  the  right  bank),  the  factor  of  safety  of 
1.01  for  this  condition  was  considered  satisfactory. 

26.  The  dikes  are  relatively  low  and  little  settlement  was  expected 
from  consolidation  within  the  embankment.  No  settlement  computations 
were  made. 

1  27.  The  quantity  of  seepage  through  the  embankment  was  not  consid¬ 

ered  significant  since  the  coefficient  of  permeability  of  the  pervious 

1  substrata  was  approximately  8000  times  that  of  the  compacted  embankment. 

However,  a  flow  net  for  the  embankment  was  prepared  assuming  that  the 

contact  between  the  base  of  the  embankment  and  the  foundation  was  a  free- 

l 

draining  face;  on  the  basis  of  this  assumption,  it  was  estimated  that  the 
through  seepage  with  the  reservoir  pool  at  el  320  would  be  about  0.3  gpm 
per  100  ft  of  dike  for  the  maximum  dike  section.  Actually  the  contact 
between  the  base  of  the  embankment  and  the  foundation  is  not  a  free- 
draining  face  because  significant  hydrostatic  pressures  will  exist  in  the 
foundation  when  the  pool  stage  is  above  the  base  of  the  embankment;  for 

this  reason  the  flow  net  for  the  embankment  is  not  included  in  this  report. 

28.  Drainage  facilities.  A  toe  drain  approximately  15  ft  deep  was 
installed  to  collect  through  seepage  and  reduce  hydrostatic  pressures  at 
the  toe.  It  was  to  penetrate  the 
upper  clay  material  and  extend  a 
short  distance  into  the  more  per¬ 
vious  sand  and  silt.  The  drain 
consists  of  an  outer  layer  of  fil¬ 
ter  sand  and  an  inner  layer  of 
3/4-in.  filter  stone  surrounding  a 
12-in. -diameter,  perforated  drain¬ 
pipe.  Gradations  of  the  filter 
materials  are  shown  in  fig.  15; 
the  gradations  are  such  that  the 
size  of  the  filter  is  less 
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Fig.  15.  Gradation  of  toe  drain  fil¬ 
ter  materials,  Buggs  Island  Dam 
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Fig.  16.  Gradation  of  crushed  stone  blanket 
for  riprap,  Buggs  Island  Dam 


than  four  times  the 
D85  size  of  the 
protected  material. 
(A  detail  of  the 
toe  drain  is  shown 
in  fig.  18. ) 

29-  Slope 
protection.  Up¬ 
stream  or  reservoir 
slopes  are  protected 
by  24  in.  of  dumped 
riprap  placed  upon  a 
12-in.  crushed  stone 
blanket;  downstream 
slopes  are  protected 
by  vegetative  cover. 
The  report,  Slope 


Protection  for  Earth  Dams,*  was  used  for  design  of  the  upstream  slope  pro¬ 
tection.  Waves  four  feet  in  height  were  anticipated  over  a  fetch  of  four 
miles  at  a  wind  velocity  of  40  mph.  The  minimum  average  riprap  size  was 
to  be  15  in.;  gradation  of  the  crushed  stone  blanket  is  shown  in  fig.  16. 
Spillway  and  outlet  works 

30.  A  discussion  of  the  foundation  for  the  spillway  and  outlet  works 
is  not  included  in  this  report  since  these  structures  are  founded  on  rock. 
No  engineering  measurement  devices  were  provided  for  these  structures . 


Construction 


Borrow  materials 

31  •  Borrow  materials  were  obtained  from  parts  of  borrow  areas  B, 
C,  and  D,  which  had  been  investigated  during  design  of  the  structures, 
and  also  from  other  areas  located  closer  to  the  embankments.  Locations 
of  borrow  areas  actually  used  during  construction  are  shown  as  shaded 

*  Corps  of  Engineers,  Office,  Chief  of  Engineers,  Slope  Protection  for 
Earth  Dams,  Vicksburg,  Miss.,  March  1949* 
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areas  in  fig.  1.  The  materials  placed  in  the  embankment  were  a  composite 
of  clay  with  sand  and  silt  obtained  by  mixing  borrow  materials  during 
both  excavation  and  placement.  Draglines  and  belt  loaders  were  used  in 
borrow  area  excavation.  Crushed  rock  for  riprap  was  obtained  from  the 
excavation  for  the  masonry  dam  and  a  nearby  quarry.  No  difficulty  was 
experienced  during  excavation  of  borrow  materials.  The  materials  obtained 
were  satisfactory. 

Embankment 

32.  Earthwork.  The  construction  of  the  embankment  was  begun  after 
initial  clearing  and  grubbing  were  completed.  The  dikes  were  compacted 
by  a  minimum  of  6  passes  of  tamping  rollers .  Moisture  content  of  the  com¬ 
pacted  material  was  to  be  within  2  per  cent  dry  and  4  per  cent  wet  of  the 
optimum  moisture  content  as  determined  by  the  standard  compaction  test. 

The  embankment  material  was  compacted  to  95  per  cent  of  standard  density 
as  determined  by  the  standard  compaction  effort  test. 

33.  Each  lift  of  material  was  required  to  have  the  proper  moisture 
content  before  being  compacted.  When  too  dry,  the  material  was  sprayed 
by  truck-mounted  sprinkler  tanks;  when  too  wet,  or  when  the  preceding 
layer  was  too  smootn,  the  material  was  disked  or  harrowed  prior  to  roll¬ 
ing.  Stones  greater  than  6  in.  in  diameter,  rock,  trash,  and  debris  were 
removed  from  each  lift  before  rolling. 

34.  The  material  was  placed  loose  in  8- in.  lifts  and  compacted 
with  sheepsfoot  rollers  providing  a  contact  foot  pressure  of  500  psi  on 
L-shaped  feet  having  a  cross-sectional  area  of  7  sq  in.  No  difficulties 
were  encountered  during  the  compaction  operations.  No  records  are  avail¬ 
able  to  indicate  whether  additional  rolling  was  necessary  to  meet  the 
specifications . 

35 •  A  total  of  529  field  density  tests  were  made  on  the  compacted 
dikes;  this  is  an  average  of  one  test  for  about  each  2200  cu  yd  of  mate¬ 
rial  placed.  The  sand-density  method  was  used  in  performing  the  tests. 

A  bag  sample  of  soil  was  taken  adjacent  to  each  density  test  location  for 
laboratory  compaction  tests.  The  measured  field  density  was  then  com¬ 
pared  with  results  of  the  laboratory  tests.  Moisture  contents  were  de¬ 
termined  by  rapid  drying  in  the  field;  samples  were  also  taken  for 
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laboratory  check  of  field  determinations.  As  the  work  of  field  testing 
progressed,  field  drying  of  samples  was  discontinued  and  oven  drying  was 
then  used  as  a  check  of  visual  field  determinations.  Thus,  moisture  con¬ 
tent  was  used  as  the  basic  control  measure,  but  density  measurements  were 
used  to  determine  whether  the  specified  rolling  was  adequate  to  provide 
the  desired  95$  of  standard  density.  N 

36.  Densities  equal  to  or  greater  than  95$  of  standard  density  were 
obtained  for  99$  of  the  field  density  samples.  Only  two  tests  showed  less 
than  95$  of  standard  density;  soil  in  these  locations  was  removed  from  the 
fill  because  of  inadequate  compaction  and  replaced  with  adequately  compacted 
material.  Field  tests  also  indicated  that  93$  of  all  tests  were  within 
the  specified  moisture  content  range. 

37*  Record  samples.  Nine  undisturbed  box  samples  were  taken  for 
record  purposes  during  various  stages  of  construction  at  various  locations. 

A  summary  of  results  of  tests  on  the  record  samples  is  given  in  table  4. 
Mechanical  analyses  and  density,  shear,  permeability,  and  consolidation 
tests  were  made  on  all  record  samples.  A  comparison  of  the  gradation  of 
typical  record  samples  with  the  ranges  of  borrow  material  gradation  is 
shown  in  fig.  11;  the  materials  as  actually  placed  were  predominantly 
sandy  clays,  a  result  of  the  normal  mixing  of  the  borrow  material  as  it 
was  placed  in  the  embankment. 

38.  Density  tests  were  made  on  record  samples  as  obtained  from  the 
embankment.  A  comparison  of  these  densities  with  laboratory  compaction 
curves  obtained  from  composite  borrow  materials  is  shown  in  fig.  12. 

39*  A  consolidated-drained  direct  shear  test  was  made  on  a  satu¬ 
rated  specimen  from  each  record  sample  at  a  rate  of  strain  of  0.001  in. 
per  min.  Shear  strengths  varied  from  c  =0.15  ton  per  sq  ft  to  0.60  ton 
per  sq  ft  and  f  =  25°  to  31°«  The  design  strength  was  c  =  0.10  ton  per 
sq  ft  and  0  =  27° •  Record  sample  shear  strength  curves  and  the  design 
strength  curve  are  plotted  in  fig.  17.  A  comparison  of  these  curves 
shows  that  record  sample  strengths  were  greater  than  the  design  strength. 

40.  The  coefficient  of  horizontal  permeability  was  determined  for 
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a  specimen  from  each  record  sample;  values  ranged  from  0.001  x  10  cm 
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per  sec  to  0.070  x  10  cm  per  sec.  An  average  value  of  k  =  0.015  x  10 
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cm  per  sec  was  determined  for  the 
embankment.  The  design  coefficient 

of  permeability  was  k  =  0.0024  x 
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10  cm  per  sec.  Even  though  the 
actual  permeability  is  approxi¬ 
mately  six  times  as  great  as  the 
design  permeability,  the  quantity 
of  seepage  through  the  embankment 
would  be  minor  since  an  estimated 
quantity  of  only  0.3  gpni  per  100 
ft  of  embankment  (60  gpm  for  the 
entire  embankment)  was  obtained 
using  the  design  permeability  and 
maximum  section. 

Downstream  toe  drain 

4l.  The  filter  sand  and  fil- 


Fig.  17.  Record  sample  shear  strength 
curves,  Buggs  Island  Dam 


ter  stone  surrounding  the  pipe  in 
the  toe  drain  section  were  com¬ 


pacted  by  hand-operated  tampers.  Embankment  fill  was  compacted  by  light¬ 
weight  equipment  to  a  depth  of  5  ft  above  the  filter  materials.  Compac¬ 
tion  around  manhole  riser  pipes  was  performed  with  hand-operated  pneumatic 


tampers . 

Upstream  impervious  blanket 

42.  The  upstream  impervious  blanket  (see  paragraph  18)  was  con¬ 
structed  of  materials  in  place.  The  blanket  area  was  scarified  to  a 
depth  of  12  in.,  rolled  in  accordance  with  embankment  compaction  require¬ 
ments,  and  topped  by  6  in.  of  topsoil. 

Slope  protection 

43.  Material  for  the  crushed  stone  blanket  was  obtained  from  a 
quarry  which  was  also  the  source  of  concrete  aggregate  and  most  of  the 
riprap.  A  small  amount  of  riprap  for  the  left  bank  embankment  was  ob¬ 
tained  also  from  the  toe  drain  excavation  for  the  left  wing  dike.  The 
crushed  stone  blanket  consisted  of  minus  3_in.  crushed  rock  graded  as 
shown  in  fig.  16. 
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44.  Blanket  material  was  hauled  to  the  embankment  in  dump  trucks. 
Some  of  the  material  was  placed  by  a  crane-operated  clamshell  bucket  and 
skip  pan  but  generally  this  material  was  placed  by  controlled  dumping 
from  loaded  dump  trucks  which  were  backed  down  the  embankment.  Before 
a  truck  was  backed  down  the  embankment  it  was  attached  by  a  cable  to  a 
tractor  so  that  it  could  be  safely  and  accurately  lowered  to  the  desired 
location.  After  the  truck  had  been  lowered  to  placement  position  the 
tailgate  was  opened  and  the  material  was  distributed  as  the  truck  was 
pulled  up  the  embankment.  Riprap  was  placed  by  a  crane-operated  clamshell 
and  skip  pan.  Final  grading  of  the  blanket  and  placement  of  riprap  were 
accomplished  by  hand. 


Prototype  Observations 


Settlement 

45.  Computations  of  embankment  and  foundation  settlement  were  not 
made.  It  was  considered  that  estimated  foundation  settlements  of  only 
6-12  in.  would  occur  during  construction  of  the  dikes.  No  provision  was 
made  for  settlement  observations  during  or  after  construction. 

Seepage 

46.  As  stated  earlier,  underseepage  was  estimated  at  33>OCO  gpni 
for  an  anticipated  maximum  head  of  40  ft,  and  little  seepage  was  expected 
through  the  embankment.  The  toe  drain  installation,  located  as  shown  in 
figs.  4,  5,  6,  and  7 >  was  expected  to  intercept  some  underseepage. 

47.  To  date,  measurable  seepage  has  been  observed  from  only  one 
outfall  pipe  at  sta  263+00  which  drains  about  2500  ft  of  the  right  wing 
dike.  On  19  August  1953>  with  the  reservoir  pool  at  el  296.5  and  an 
average  head  of  about  12  ft  on  this  section  of  dike,  a  flow  of  30  gpm  was 
measured.  On  29  February  1956,  with  the  reservoir  pool  at  el  289-7  and 
an  average  head  of  about  8  ft  on  the  dike,  the  flow  was  about  20  gpm. 

48.  The  highest  reservoir  stage  to  date,  el  305>  occurred  in 
August  1955*  Readings  from  piezometers  installed  in  the  foundation  have 
been  taken  at  various  times  and  now  are  being  read  monthly.  The  piezom¬ 
eter  tips  are  located  immediately  above  the  decomposed  rock  stratum  and 
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Fig.  18.  Piezometer  readings  at  sta  261+18  for  pool 
elevation  of  299*6  ft,  Euggs  Island  Dam 

consist  of  l-l/2-in.-diam  by  l8-in.-long,  brass- jacket  wellpoints  placed 
in  6-in.-diam  by  2-ft-6-in. -long  pockets  of  clean  coarse  sand.  Piezom¬ 
eters  at  sta  26l+l8  are  shown  in  cross  section  in  fig.  18,  and  a  plot  of 
pjrTometric  pressure  observed  in  July  1953  for  a  F°ol  elevation  of  299*6 
is  also  shown.  No-  apparent  excess  pressures  are  present  in  the  dike  foun¬ 
dation  at  this  maximum  section.  Variations  in  reservoir  level  and  piezom¬ 
eter  readings  vs  time  at  sta  26l+l8  are  shown  in  fig.  19 •  The  data  show 
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that  hydrostatic  pressures  in  the  foundation  generally  vary  with  the 
reservoir  stage  and  to  date  no  excess  pressures  at  the  downstream  toe 
have  been  observed. 

Riprap 

49.  Maximum  wave  heights  observed  to  date  are  estimated  to  have 
been  about  2  ft;  no  disturbance  of  the  riprap  has  been  reported. 
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PART  III :  ISLAND  CREEK  DAM 


Design 


Foundation 

50.  Geology.  Island  Creek  Dam  also  lies  within  the  Piedmont 
physiographic  area  consisting  mainly  of  igneous  and  metamorphic  rock 
underlying  a  moderately  thick  to  thick  overburden.  Schists,  diabase, 
and  granodiorite  form  the  rock  foundation  for  the  structure.  The  west 
abutment  area  is  steep  and  has  little  overburden.  The  east  abutment  area 
is  more  gently  sloping  and  has  an  average  depth  of  overburden  of  16  ft. 
Large  faults  or  shear  zones  were  not  found  within  the  dam  site,  but  local 
minor  shear  zones  were  found  along  the  conduit  foundation  in  the  weathered 
rock.  The  foundation  for  the  conduit  was  excavated  below  grade  to  reach 
sound  rock  in  areas  where  minor  shear  zones  were  found. 

51.  Field  explorations.  The  field  exploration  program  to  determine 
foundation  conditions  along  the  dam  and  outlet  conduit  consisted  of  31 
core  drill  holes  and  10  test  pits.  Locations  of  the  borings  are  shown  in 
fig.  1;  generalized  soil  profiles  along  the  dam  and  conduit  are  shown  in 
fig.  20. 

52.  The  overburden  beneath  the  dam  was  found  to  vary  from  2-36  ft 
in  depth  and  to  consist  of  sands,  micaceous  silts,  and  clays  with  no  ap¬ 
parent  uniform  stratification.  Where  the  overburden  was  greater  than 
15-20  ft  in  depth  it  was  considered  sufficiently  thick  to  prevent  cri¬ 
tical  seepage  into  the  weathered  rock.  Where  the  overburden  was  less  than 
15  ft  in  depth,  a  grout  curtain  was  placed  to  limit  the  seepage  through 
the  weathered  rock  of  the  foundation.  The  location  of  the  cutoff  treat¬ 
ment  is  shown  in  profile  in  fig.  20. 

53 •  Laboratory  tests .  The  laboratory  testing  program  for  founda¬ 
tion  materials  consisted  of  mechanical  analyses,  classification,  shear 
strength,  permeability,  and  consolidation  tests.  Results  of  tests  on 
undisturbed  foundation  soils  are  presented  in  table  5« 

54.  Mechanical  analyses  were  made  on  eight  representative  samples 
of  foundation  soils.  The  ranges  of  gradation  for  the  two  predominant  soil 
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Fig.  21.  Gradation  of  foundation  soils,  Island  Creek  Dam 


types  found  within  the  area,  clay,  and  silt  and  clay,  are  shown  in  fig.  21. 

55*  Seven  consolidated-drained  direct  shear  tests  were  performed  on 
saturated  undisturbed  samples  from 
the  foundation.  Specimens  were 
sheared  at  a  rate  of  0.001  in.  per 
min.  Shear  strength  curves  ob¬ 
tained  from  the  laboratory  tests 
are  shown  in  fig.  22;  the  design 
strength  curve,  c  =  0.05  ton  per 
sq  ft,  <f  =  27°,  was  selected  so 
that  it  generally  would  be  less 
than  that  obtained  from  each  test 
on  foundation  soil. 

56 .  Fourteen  permeability 
tests  were  performed  to  determine 

the  coefficients  of  permeability  in  both  horizontal  and  vertical  direc¬ 
tions.  The  coefficients  of  permeability  in  the  horizontal  and  vertical 
directions  were  not  significantly  different.  Coefficients  of  horizontal 

permeability  at  a  normal  load  of  0.25  ton  per  sq  ft  varied  from  1.53  x 
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10  cm  per  sec  to  0.03  x  10  cm  per  sec.  The  larger  value  is  for  an 
alluvial  sand  which  was  essentially  removed  during  construction.  The 
coefficient  of  permeability  for  the  residual  soils  found  along  the  dam 


Fig.  22.  Consolidated-drained  direct 
shear  strength  curves  and  design 
shear  strength  curve  for  undisturbed 
foundation  soils,  Island  Creek  Dam 
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axis  varied  from  O.56  x  10'^  cm  per  sec  to  0.04  x  10~^  cm  per  sec,  with 
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the  average  value  being  0.21  x  10  cm  per  sec. 

57*  Laboratory  consolidation  tests  were  performed  on  seven  undis¬ 
turbed  samples  from  the  foundation.  Pressures  up  to  8  tons  per  sq  ft 
were  used  in  the  testing,  and  plots  of  time  vs  rate  of  consolidation  were 
made  for  the  test  specimens.  Typical  consolidation  curves  (e  vs  log  p) 
are  shown  in  fig.  23. 


Fig.  23.  Typical  void  ratio -pres sure  curves  for  undisturbed 
foundation  soils.  Island  Creek  Dam 

58.  Seepage  and  settlement  analyses.  Where  overburden  soils  wern 
less  than  15  ft  thick  it  was  considered  necessary  to  grout  the  weathered 
rock  to  limit  seepage  through  this  zone  of  the  foundation.  The  trench 
which  was  excavated  to  the  top  of  weathered  rock  in  preparation  for 
grouting  of  the  foundation  was  later  backfilled  with  impervious  material. 
In  areas  where  overburden  soils  were  greater  than  15  ft  thick  it  was  be¬ 
lieved  that  the  overburden  was  sufficiently  thick  to  effectively  limit 


seepage  entering  the  foundation.  Computations  to  estimate  the  quantity 
of  underseepage  with  and  without  the  grout  curtain  were  not  made. 

59*  Computations  of  settlement  in  the  foundation  were  not  made,  but 
a  comparison  with  the  materials,  characteristics,  and  analyses  used  for  a 
nearby  railroad  relocation  indicated  that  the  foundation  settlement  would 
be  insignificant  and  would  he  complete  at  the  end  of  construction.  Any 
postconstruction  settlement  could  be  corrected  by  adding  additional  mate¬ 
rial  for  the  road  to  be  built  on  top  of  the  dam. 

Embankment 

60.  Eorrow  materials.  Embankment  materials  were  to  be  obtained 
from  three  borrow  areas  in  the  vicinity  of  the  dam  site.  The  borrow  areas, 
two  on  the  left  bank  and  one  on  the  right  bank  of  Island  Creek,  were  within 
one  mile  (downstream)  of  the  dam  site.  Eorrow  area  investigations  in¬ 
cluded  85  auger  borings  and  2  test  pits.  The  soils  in  all  borrow  areas 
were  found  to  be  similar,  ranging  from  an  upper  zone  of  micaceous  clay  ap¬ 
proximately  4-6  ft  deep  to  a  lower  zone  of  micaceous  silt  extending  to 
weathered  rock  at  a  variable  depth  of  approximately  25  ft.  The  materials 
for  slope  protection  were  not  available  at  the  dam  site  and  were  brought 
from  a  quarry  at  Buggs  Island  Dam  site. 

61.  Zonation.  Design  zonation  of  the  embankment  consisted  of  a 
central  impervious  core  section  flanked  by  more  pervious  shell  sections 
on  the  landside  and  reservoir  side.  Laboratory  studies  indicated  that  if 
the  core  and  shell  were  built  with  the  same  material  the  permeability  of 
the  shell  section  would  be  about  10  times  greater  than  that  of  the  core 
sectiox  if  the  shell  were  compacted  to  90  per  cent  of  standard  density 
and  the  core  were  compacted  to  95  per  cent  modified  density.  The  studies 
also  indicated  that  the  same  permeability  ratio  could  be  obtained  by 
placement  of  the  more  impervious  borrow  material  in  the  core  section  and 
the  more  pervious  material  in  the  shell  section,  both  to  the  same  relative 
density.  Since  the  relative  amount  of  more  impervious  material  was  not 
known,  increased  compaction  effort  for  the  core  material  was  selected  as 
the  method  to  be  used  to  obtain  the  desired  permeability  ratio. 

62.  Laboratory  tests.  Laboratory  testing  of  borrow  materials  con¬ 
sisted  of  classification  and  compaction  tests,  and  shear  and  permeability 
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tests  on  material  compacted  at  various  efforts  in  order  to  determine  the 
feasibility  of  achieving  zonation  in  the  manner  previous] y  described.  The 
results  of  the  laboratory  tests  are  presented  in  table  5*  The  ranges  of 
gradations  of  the  materials  used  in  the  embankment  are  shown  in  fig.  24. 

A  predominance  of  fine -textured 


Fig.  24.  Gradation  of  embankment 
borrow  and  record  sample  soils, 
Island  Creek  Dam 


in  fig.  25.  The  modified  AASHO 
tests  indicated  maximum  dry  densi¬ 
ties  8-12  lb  per  cu  ft  higher  and 
optimum  moisture  contents  4-10  per 
cent  lower  than  standard  effort 
values . 

64.  Permeability  tests  were 
performed  on  14  samples  of  borrow 
material  compacted  at  varying  den¬ 
sities.  These  tests  formed  the 
basis  for  the  recommended  field 
compaction  control  to  provide  the 
desired  zonation.  Results  of  the 
permeability  tests  are  presented 
in  table  5.  Tests  on  four  samples 
of  relatively  impervious  material 


soils  constituted  the  available 
borrow  materials. 

63  •  Eighteen  standard  effort 
and  modified  AASHO  compaction  tests 
were  performed  on  borrow  materials 
to  determine  their  compaction  char¬ 
acteristics  for  use  in  obtaining 
the  desired  permeability  ratio  be¬ 
tween  shell  and  core  sections. 
Typical  compaction  curves  for 
representative  materials  are  shown 


Fig.  25.  Typical  laboratory  compac¬ 
tion  curves  for  borrow  materials, 
and  record  sample  data,  Island 
Creek  Dam 
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compacted,  at  90  per  cent  of  standard  density  indicated  an  average 
-4 

k  =  0.006  x  10  cm  per  sec,  while  tests  on  the  same  material  compacted 

-4 

at  95  Fer  cent  of  modified  AASH0  density  indicated  k  =  0.0009  x  10  cm 
per  sec. 

65.  Ten  consolidated-drained  direct  shear  tests  were  performed  on 
saturated  borrow  materials  compacted  to  various  densities.  The  shear 
strength  curves  resulting  from  tests  on  representative  borrow  materials 
compacted  to  90  per  cent  of  standard  density  and  95  Fer  cent  of  modified 
AASH0  density  are  shown  in  fig.  26;  the  embankment  design  strength  curve 
is  also  shown  in  this  figure.  The  design  strength,  c  =  0.05  ton  per  sq 
ft,  0  =  27°,  was  selected  so  that  it  generally  would  be  less  than  that 
obtained  from  each  test  on  compacted  borrow  soil. 
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Fig.  26.  Typical  consolidated-drained  direct  shear  strength  curves  and 
design  shear  strength  curve  for  compacted  borrow  material,  Island 

Creek  Dam 


66.  Stability,  settlement,  and  seepage  analyses.  The  circular  arc 
method  was  used  in  making  stability  analyses  of  the  embankment.  Conditions 
analyzed  and  soil  properties  used  in  the  analyses  as  well  as  the  results 
are  shown  in  fig.  27.  Analyses  were  made  for  the  maximum  embankment 
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section  for  the  condition  at  the  end  of  construction  (pore  pressure  as¬ 
sumed  zero)  and  an  operating  condition  with  the  water  surface  at  el  255 
on  the  upstream  lands ide  slope  and  at  el  3^0  on  the  downstream  reservoir 
slope.  The  condition  for  rapid  drawdown  was  not  analyzed.  Factors  of 
safety  for  the  conditions  analyzed  xanged  from  1.50  to  1.35* 

67.  No  calculations  were  made  of  the  amount  and  rate  of  settlement 
within  the  embankment.  A  comparison  with  analyses  for  a  nearby  rail¬ 
road  relocation  embankment  with  the  same  characteristics  as  the  dam 
indicated  that  approximately  1  ft  of  settlement  would  occur  within  the 
embankment  after  construction.  The  amount  of  total  settlement  was  not 
considered  critical,  since  final  grading  and  shaping  of  the  dam  crest 
was  accomplished  at  the  time  of  relocation  of  a  highway  on  top  of  the 
dam. 


68.  The  maximum  anticipated 
differential  head  on  the  dam  was  45 

ft.  No  seepage  analyses  were  made  | 

? 

and  no  facilities  for  drainage  were  * 

« 

provided  in  the  structure.  The 

quantity  of  seepage  expected  through  i 

■ 

the  embankment  was  not  considered 
significant  because  the  core  was 
relatively  impervious,  foundation 
soils  were  relatively  impervious, 
and  a  grout  curtain  was  used  to 
limit  seepage  where  the  foundation 
soils  were  shallow. 
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Fig.  28.  Gradation  of  riprap  filter. 
Island  Creek  Dam 


69.  In  the  design,  the  upstream  lands  ide  slope  of  the  dam  was  to 
be  protected  by  12  in.  of  crushed  stone  from  the  base  to  el  275;  above 
el  275  the  slope  was  to  b>.  mulched  and  seeded.  The  reservoir  side  slope 
was  to  be  protected  by  16  in.  of  riprap  (well  graded  from  a  minimum  size 
of  25  lb  to  a  maximum  size  of  400  lb)  over  a  6-in.  crushed  stone  filter 
between  el  265  and  the  top  of  the  dam.  No  protection  was  to  be  provided 
below  el  265.  The  proposed  gradation  range  of  the  filter  material  is 
shown  in  fig.  28. 
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70.  The  report,  Investigation  of  Filter  Requirements  for  Under¬ 
drains  , *  was  used  to  determine  the  gradation  of  the  crushed  stone  filter. 
However,  a  criterion  factor  of  5  was  used  instead  of  4  to  establish  the 
"15  per  cent  passing"  limits.  It  was  felt  that  crusher  screenings  blended 
with  commercial  rock  could  be  used  for  riprap  bedding  and  upstream  slope 
protection. 

Outlet  works 

71.  As  the  foundation  for  the  outlet  works  consists  of  rock,  it  is 
not  discussed  in  this  report. 


Construction 


Eorrow  materials 

72.  Soils  for  the  embankment  were  obtained  from  three  borrow  areas, 
two  located  on  the  left  bank  about  3/4  mile  downstream,  and  the  third  on 
the  right  bank  about  l/2  mile  downstream  from  the  dam.  Soils  in  the  bor¬ 
row  area3  were  residual  deposits  ranging  from  micaceous  clay  in  the  upper 
zone  to  micaceous  silt  in  the  lower  zone.  Significant  quantities  of  clay 
in  the  upper  zone  of  the  borrow  areas  were  found  and  this  material  was 
reserved  for  the  impervious  central  core.  Less  impervious  soils,  con¬ 
sisting  mostly  of  silts  and  a  combination  of  clays  and  silts,  were  used 
for  the  upstream  and  downstream  shell  sections.  Drainage  in  the  borrow 
areas  was  provided  by  selective  excavation. 

73*  While  excavating  in  the  right  bank  borrow  area,  zones  of  white 
micaceous  silt,  derived  from  sericite,  and  red  and  gray  clay  were  dis¬ 
closed.  These  materials  had  not  been  located  during  earlier  explorations 
and.  their  suitability  for  use  as  embankment  material  was  uncertain. 

Semples  of  these  materials  were  tested  in  the  laboratory  (for  results, 
sae  table  5)  and  it  was  determined  that  they  would  be  suitable  for  the 
:ore  section  if  blended  in  the  proportion  of  25  per  cent  silt  and  75 
per  cent  clay. 


*  Corps  of  Engineers,  Waterways  Experiment  Station,  TM  No.  163-1, 
Vicksburg,  Miss.,  December  1941. 
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74.  Riprap  was  obtained  from  the  Euggs  Island  Dam  quarry.  Al¬ 
though  gradation  tolerances  for  the  riprap  were  reasonable,  a  number  of 
loads  were  rejected  because  of  excessive  fines  or  oversize  stones. 
Embankment 

75.  Foundation  preparation.  The  foundation  for  the  embankment  was 
cleared  and  stripped  of  all  undesirable  overburden  soils.  The  creek  area 
was  cleaned  to  the  rock  surface  and  a  single-line  grout  curtain  placed 
along  the  dam  center  line  from  sta  95+00  to  99+05*  Type  II  portland- 
cement  grout  was  used  at  pressures  of  20  psi  for  depths  to  20  ft  and  40 
psi  for  depths  to  50  ft.  Grout  holes  were  spaced  on  5-ft  centers;  depths 
of  alternate  holes  were  20  ft  and  50-75  ft.  Approximately  2982  linear 

ft  of  EX  grout  holes  (l-l/2-in.  diameter)  were  drilled  and  1028  bags  of 
cement  were  used. 

76.  Deposits  of  saturated  alluvial  sand  were  found  along  both 
banks  during  removal  of  material  from  the  creek  area.  This  material  was 
removed  to  eliminate  a  possible  underseepage  path.  To  remove  the  sand 
from  the  right  bank,  a  trench  approximately  12  ft  wide  was  cut  into  the 
bank  a  distance  of  40  ft  along  the  dam  center  line. 

77*  Stream  diversion.  As  soon  as  clearing  operations  permitted, 
cofferdams  were  constructed  both  upstream  and  downstream,  and  the  creek 
was  diverted  through  a  channel  at  sta  102+00  and  into  the  creek  bed  175 
ft  below  the  downstream  cofferdam.  The  concrete  conduit  was  then  con¬ 
structed  at  sta  96+62.  In  the  second  stage  of  stream  diversion,  a  coffer¬ 
dam  was  used  to  cut  off  the  diversion  channel;  water  was  passed  through 
the  upstream  cofferdam  and  into  the  conduit  by  means  of  a  48-in. -diam 
steel  pipe  (see  fig.  3)*  The  water  was  carried  by  a  ditch  from  the  con¬ 
duit  outlet  to  the  creek. 

78.  Earthwork.  Embankment  construction  was  begun  between  sta 
102+00  and  107+00  in  October  1950*  In  November  1950#  subsequent  to  the 
completion  of  foundation  grouting,  embankment  construction  was  started 
in  the  creek  bed  area  and  the  area  between  the  creek  bed  and  diversion 
channel.  By  the  end  of  the  first  construction  season  (November)  the 
embankment  to  the  right  of  the  diversion  channel  (sta  102+00  to  sta 
107+00)  had  reached  el  280,  and  the  upstream  and  downstream  portions  of 
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the  embankment  to  the  left  of  the  diversion  channel  had  reached  el  248 
and  el  241,  respectively.  The  next  spring,  the  diversion  channel  at  sta 
102+00  was  filled  and  the  conduit  covered  (top  el  275 )>  thereby  permitting 
placement  of  soil  the  full  width  of  the  dam. 

79*  Although  it  had  been  recommended  in  design  that  the  zonation 
of  the  embankment  be  obtained  by  extra  compaction  of  the  core  section, 
adequate  quantities  of  clay  for  a  central  impervious  core  were  found  in 
the  upper  zones  of  the  borrow  areas,  and  during  construction  it  was  de¬ 
cided  that  the  zonation  of  the  embankment  would  be  obtained  by  placement 
of  these  clays  in  the  central  core.  Eoth  shells  and  core  were  compacted 
with  a  minimum  of  6  passes  of  500-psi  rollers.  Additional  passes  were 
made,  as  necessary,  on  the  central  core  to  obtain  a  relatively  more  im¬ 
pervious  central  secLlon.  All  soils  were  compacted  to  a  minimum  of  95 
per  cent  standard  density.  Moisture  content,  which  was  selected  as  the 
basic  control,  was  specified  to  be  between  2  per  cent  dry  to  4  per  cent 
wet  of  optimum. 

80.  Soils  were  placed  in  8- in.  loose  lifts,  bladed  smooth,  and 
then  compacted  with  sheeps foot  rollers  providing  a  contact  foot  pressure 
of  500  psi  on  L-shaped  feet  having  a  cross-sectional  area  of  7  sq  in. 

Soils  placed  within  4  ft  of  the  conduit  and  concrete  walls  were  spread 
in  4-in.  layers  and  hand-tamped.  Lumpy  and  wet  materials  were  disked 
before  rolling.  When  too  dry,  the  lift  was  sprinkled  before  rolling.  At 
the  end  of  each  work  day  and  in  anticipation  of  rain,  the  embankment  sur¬ 
face  was  bladed  to  facilitate  drainage. 

81.  A  total  of  239  field  density  tests  were  made  for  compaction  con¬ 
trol;  this  was  an  average  of  one  test  for  about  2400  yd  of  compacted  mate¬ 
rial.  Field  control  methods  were  similar  to  those  for  Buggs  Island  Dam 
(see  paragraph  35)*  Results  of  the  field  tests  indicated  that  water  con¬ 
tents  for  76  per  cent  of  the  specimens  were  within  the  specified  2  per  cent 
dry  to  4  per  cent  wet  of  optimum,  and  densities  for  97  per  cent  of  the 
specimens  were  at  least  95  per  cent  of  standard  density.  Density  tests 
indicated  that  little  additional  rolling  was  required  to  obtain  adequate 
densities  in  the  core,  and  although  provisions  for  400  hr  of  additional 
rolling  were  included  in  the  contract,  only  80  hr  were  required. 
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82.  Record  samples.  Ten  undisturbed  box  samples  were  taken  from 
the  embankment  for  record  purposes .  Three  of  the  samples  contained  rock 
fragments  or  were  otherwise  disturbed  to  such  an  extent  that  preparation 
of  undisturbed  specimens  for  laboratory  testing  was  not  possible.  A 
summary  of  record  sample  test  results  is  presented  in  table  6.  Mechanical 
analyses  were  performed  on  all  record  sample  materials.  A  comparison  of 
typical  record  sample  gradations  with  the  ranges  of  borrow  material  gra¬ 
dation  is  shown  in  fig.  24.  The  as -placed  shell  materials  are  slightly 
coarser  than  the  design  gradations  of  borrow  materials. 

83.  Densities  of  the  record  samples  are  shown  in  table  6;  a  com¬ 
parison  of  these  densities  with  the  ranges  of  laboratory  compaction  curves 
is  shown  in  fig.  25. 

84.  Consolidated-drained  direct  shear  tests  were  performed  on 
saturated  undisturbed  specimens  from  five  record  samples,  and  similar 
shear  tests  were  performed  on  remolded  specimens  from  two  other  record 
samples.  Shear  strengths  of  undisturbed  record  samples  varied  from 

c  =  0.20  ton  per  sq  ft  to  0.40  ton  per  sq  ft,  f  =  25°  to  29°;  the  design 
shear  strength  was  c  =  0.05  ton  per  sq  ft,  0  =  27°.  A  comparison  of 


record  sample  shear  strength  curves 
with  the  design  strength  curve  is 
shown  in  fig.  29.  It  can  be  seen 
that  strengths  of  record  samples 
were  somewhat  greater  than  the  de¬ 
sign  strength. 

85.  The  coefficient  of  hori¬ 
zontal  permeability  was  determined 
for  undisturbed  specimens  from  four 
record  samples  taken  in  the  core 
and  from  two  record  samples  taken 
in  shell  materials.  The  permea¬ 
bility  of  tne  samples  from  the  core 

-4 

ranged  from  0.002  x  10  cm  per  sec 

-4 

to  0.200  x  10  cm  per  sec  with  an 

-4 

average  value  of  O.O56  x  10  cm 
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Fig.  29.  Record  sample  shear  strength 
curves.  Island  Creek  Dam 
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per  sec.  The  average  permeability  of  the  samples  from  the  shell  was 
0.035  x  10  cm  per  sec.  The  apparent  lack  of  attainment  of  the  desired 
permeability  ratio  between  shell  and  core  might  be  the  result  of  an  in¬ 
adequate  number  of  tests,  excess  compaction  of  the  shell,  inadequate  com¬ 
paction  of  the  core,  or  ineffective  selection  of  materials  for  placement 
in  the  shell  and  core. 

86.  Slope  protection.  Riprap  placement  on  the  reservoir  slope, 
accomplished  under  a  separate  contract,  was  begun  when  the  embankment 
reached  el  280.  Filter  materials  were  placed  and  hand-raked  to  a  6-in. 
thickness.  Riprap  was  dumped  into  a  skip  pan  which  was  lowered  into  posi¬ 
tion  and  dumped  by  a  crane  operating  on  top  of  the  embankment.  Final  po¬ 
sitioning  of  the  riprap  was  done  by  hand.  Riprap  was  placed  from  el  265 
to  el  330-  No  record  samples  of  riprap  and  filter  material  were  obtained. 

87.  On  the  upstream  or  lands ide  slope  a  12-in.  layer  of  crushed 
stone  (4  in.  to  sizes  passing  No.  50  screen)  was  placed  from  the  base  to 
el  275-  Heavy  rains  in  the  summer  of  1951  eroded  the  protective  stone 
layer  in  some  places.  It  is  believed  that  the  washouts  were  caused  by 
excessive  fines  in  the  blanket.  The  breached  areas  were  repaired  with 
crushed  stone  of  maximum  6-in.  size.  Finally  an  8-in.  layer  of  1-1/2-  to 
6-in.  stone  was  placed  over  the  entire  protected  area  to  prevent  recur¬ 
rence  of  the  erosion. 


Prototype  Observations 


88.  With  the  exception  of  the  erosion  of  the  downstream  slope  pro¬ 
tection  during  the  summer  of  1951  while  construction  was  still  in  progress, 
the  embankment  is  apparently  performing  satisfactorily.  Embankment  shear 
strengths  appear  to  be  generally  as  great  or  greater  than  the  design 
strengths.  Provisions  for  observation  of  settlement  and  seepage  were 
not  made. 
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